This research describes the seasonal phenological pattern of time-series data with a relatively fine spatial resolution of 500 m and a long temporal range of 15 years (2001 2015) . The objectives were to measure the vegetation phenology of the major land cover types and determine the temporal trends across the geographical sub-regions of Africa. An improved representation of the land surface phenology (LSP) of Africa is provided, revealing which land cover types and regions have undergone significant changes in phenology over the period 2001 2015. Recommendations are given for future studies needed to determine and distinguish all the drivers of vegetation phenology.
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Monitoring vegetation dynamics is critical in understanding ecosystem functioning and consequently ecosystem services (such as agriculture, transhumance, and wildlife habitat [ https://lpdaac.usgs.gov/). Quality assessment (QA) was carried out on each pixel using the 32-bit Quality Assurance (QA) layer to filter out residual atmospheric and sensor effects. Only pixels meeting the highest quality (of bands 1 7) which had adjacency and atmospheric correction performed, and all the corrections of MODLAND QA were retained. (see https://lpdaac.usgs.gov/sites/default/files/public/modis/docs/ MODIS_LP_QA_Tutorial-3.pdf for details on the QA assessment procedures). The Enhanced Vegetation Index (EVI) which has improved sensitivity to high biomass, and to overcomes some of the limitations of NDVI [11] , was selected for this study. It includes the blue reflectance band (B) to correct for atmospheric and soil background influences [11] , and can be derived according to the following equation:
As a result of the non-uniform growing seasons across -series cycle of two years (i.e., July of year 1 to June of year 3) were used to estimate vegetation phenology parameters [12] . The yearly values of start of season (SOS), end of season (EOS) and length of season (LOS) in each image pixel for the period of 2001 to 2015 were estimated using the methodology described in [12] , [13] . The median values for these parameters for the period 2001 to 2015 were estimated and then converted to their corresponding Julian days (i.e. day of year, DOY). The non-parametric Spearman rank correlation which is more appropriate for non-normally distributed data [14] , [15] and simple linear regression test were used to determine the temporal trends in phenological parameters. t temporal trends with significance testing; F-test at 95% confidence level. Thereafter, a simple linear regression was used to determine the trend in date. To classify the phenological trends based on land cover, land cover information obtained from the 2013 MODIS/Terra Land Cover Type Yearly L3 Global 500 m SIN Grid V005 data (MCD12Q1) were downloaded from https://lpdaac.usgs.gov/). The most suitable classification scheme, the 17-class International Geosphere Biosphere Programme (IGBP) global vegetation classification scheme analysis [16] , was used for this analysis. Further reclassification of land cover types by merging classes with very similar phenological patterns was undertaken. For example, closed shrublands and open shrublands were merged together to give one class of shrublands -vegetative land cover were then masked out (see Figure 1) .
Results revealed the complex pattern of vegetation phenology in Africa (see Figure 2) . The northern latitude (Sahelian, Soudan and Guinean regions) had SOS dates beginning in late February to early August, and EOS dates occurring between late November to the following February. On the other hand, the southern latitudes had SOS dates beginning in August to November, and EOS dates commencing between May-June to August. However, in contrast to the northern latitudes, the extreme north had SOS dates beginning in September to November and EOS occurring between May and August. Similarly, southwestern Africa had a distinctive phenological pattern from the southern latitudes but very similar to patterns for the northern latitudes. The seasonal rainfall patterns observed in these different regions can be attributed to being responsible for the differences in phenological patterns [17] , [18] . Table 1 . Only 11.56% and 12.97% of pixels showed significant trends in SOS and EOS, respectively. However, about half of this amount (i.e. 5.72% of pixels) were significant for LOS. This suggests that in some pixels, despite a changing trend in SOS and/or EOS, there was no change in the LOS. Similarly, a change in LOS was identified despite no apparent changes in SOS or EOS. Significant phenological trends were identified only in croplands/natural vegetation, woody savanna/savanna, shrublands and grassland with 23% found in croplands/natural vegetation and 72% in woody savanna/savannas. These were mostly located in western, central and eastern Africa. In general, significant SOS trends for croplands were delayed at an approximate rate of 2.3 days year -1 , however there was variation in LOS trends. Most croplands in western Africa had positive LOS trends, and in some regions, particularly in Mali and Senegal no significant SOS trends were observed; instead, delayed EOS dates were seen. This, therefore, suggests that delayed EOS is mostly responsible for the increases in LOS. Similarly, SOS trends were mostly delayed in woody savanna/savanna with about the same rate of 2.4 days year -1 . However, a very small proportion of pixels (about 0.4%) found mostly in central and eastern Africa were negatively significant with rates between -3 and -4 days year -1 . This research for the first time described the vegetation phenology of Africa using EVI data derived from a relatively fine spatial resolution of 500 m, and a temporal frequency of 8-days. The spatial variation in the phenological parameters was in strong agreement with previous studies [19] [21] . Moreover, given that with a finer spatial and temporal resolution less conditional bias can be expected from spatial averaging [22] , [23] , fewer differences in Julian days were observed with only minor discrepancies of an estimated 5-20 days. Other factors like smoothing techniques and sensor type [22] , [24] could also be responsible for these differences. On the other hand, the observed phenological trends differ in magnitude from previous studies [8] , [14] , [25] . This could be due to some of the reasons mentioned above and the study period. For example, while in this research LOS trends in northern Nigeria showed negative trends greater than 4 days year -1 , previous studies [8], [25] , [26] revealed positive trends of between 1 to >2 days year -1 . In this research, delayed SOS dates were mostly responsible for this negative LOS trends. Although climatic factors may be responsible for such delays. However, it is important to point out other anthropogenic factors like increased agricultural production and war/conflict which have recently plagued this region, may have significantly impacted on its vegetation dynamics. Therefore, further understanding of the cause of these phenological trends should incorporate the impact of land cover change.
This research mapped the phenology of Africa using fine resolution MODIS data and also described the pattern of phenological trends for the major land cover types of Africa. Most importantly, it highlighted the land cover types that most sensitive to climatic and non-climatic factors. It also calls for the incorporation of land cover change in phenological trend analysis. Hence, we conclude that future phenological studies should employ the use of more finer spatial and temporal resolution data, and consider refinements in the way that land cover changes are accounted for in phenological trend analysis. 
